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1. Summary
       Prof. Abiko’s group at Institute for Materials Research of Tohoku University has been involved in fabricating ultra-high purity (99.9989mass%: UHP) iron and high purity (99.99%: HP) Fe-Cr alloys with improved corrosion and mechanical properties. The fabrication of the UHP iron and HP alloys is achieved in a specially designed induction furnace evacuated down to 4 x 10-8 Pa using an oil-diffusion pump and a cold trap. A 10 kg ingot of electrolytic iron or Fe-Cr alloys is induction-melted in a cold-copper crucible followed by drop casting. The total amounts of C, N, O and S in the UHP iron and HP Fe-Cr alloy are reduced down to 5 and 17 ppm, respectively.

       The UHP iron shows several unique chemical/structural/mechanical properties. The UHP iron has superior corrosion resistance to hydrochloric acid and copper sulfate solution with pH = 5 as compared to commercial (99.6mass% purity: C) iron. Cold rolling produces 80% weaker 
hardening in the UHP iron than in the C iron. The recrystallization temperature of cold-rolled UHP iron significantly drops down to 400oC due to easy migration of grain boundaries, compared to 700 oC for the C-iron. Moreover, the mobility of - interface dramatically increases by decreasing the carbon content from 38 to 2 ppm (Fig. 1). The mobility of low carbon containing (2C and 17C) iron has a linear dependence on the heating rate while the impure (24C and 38C) iron shows an asymptotical increase in the growth rate. As shown in Fig. 2, the yield and ultimate tensile strength at room temperature (RT) of iron annealed at 700oC for 0.5 h largely decreases as the impurity is lowered. Although the cross section of UHP specimens is reduced in a form of knife-edge associated with significant surface roughening, the uniform elongation to failure is not much improved by the UHP treatment. 

       The purification greatly improves the mechanical properties of Fe-Cr alloys at RT and elevated temperatures by suppressing the precipitation of phases, which are responsible for nil-ductility in low purity Fe-Cr alloys. The elimination of phases is related to minimizing Cr-rich nitrides, which become nucleation sites of the phases. The tensile strength and reduction in area of several HP Fe-Cr alloys measured in air at temperatures from 1000 to 1300oC are compared to that of Ni-base superalloy (IN718) and stainless steels (SUS304 & 430) in Figs. 3 and 4. While IN718 exhibits oxygen-induced embrittlement above 1100 oC, the HP Fe-Cr alloy with higher tensile strength than the stainless steel depicts better ductility at elevated temperatures due to the formation of stable Cr rich oxides on the specimen surface, which hinder the entry of oxygen, leading to ductility loss.

2.  Background 

       The New Energy and Industrial Technology Development Organization (NEDO) have funded the Nanotechnology Metal Project (FY01-05), on which Abiko’s group is working. Other projects funded by NEDO under their Nanotechnology and Materials Program are:

· Nanostructure Polymer (FY01-07)

· Nanotechnology Glass (FY00-05)

· Nanotechnology Particle (FY01-5)

· Nanostructure Coating (FY01-05)

· Synthetic Nano-Function Materials (FY01-05)

· Nanotechnology Material Metrology (FY01-07)

· Systematization of Nanotechnology Materials Program Results (FY01-07)
3. Assessment
       Purifying iron and Fe-Cr alloys dramatically ameliorate 
the resistance to aqueous and high temperature corrosion although the mechanism has yet to be studied. It is most unlikely that such small amounts of impurities dissolved in the grain matrix would influence the corrosion properties. The enrichment of impurities at the interface of corrosion product and alloy matrix would change the chemical affinity. If the HP Fe-Cr alloy can be further strengthened, elevated temperature application becomes plausible. 

4.  Points of Contact
For further information, please contact:
· Dr Jun Kameda

Associate Director, Materials Science

Office of Naval Research International Field Office, Asia

Phone:
+81-3-3401-8924

Fax:           +81-3-3403-9670

Email:
kamedaj@onrasia.navy.mil
· Assoc. Prof. Kenji Abiko

       Institute for Materials Research 

       Tohoku University 

       Phone:      +81-22-215-2047
       Fax:          +81-22-215-2046
 Email:     abiko@imr.tohoku.ac.jp
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Fig. 1 Dependence of  interfacial mobility on heating rate for iron with various carbon content (ppm)
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Fig. 2. Dependence of yield or ultimate tensile strength (yor uts) and uniform elongation to failure (f) on impurity
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Fig. 3. Temperature dependence of tensile strength of various HP Fe-Cr alloys, IN718 and SUS304 & 430
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Fig. 4. Temperature dependence of reduction in area of various HP Fe-Cr alloys, IN718 and SUS304 & 430
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